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Introduction

ÅAirborne viral contagion is a 
multidisciplinary problem

ÅImmunology

ÅVirology

ÅFluid Mechanics

ÅMost of our guidelines ς
research done in the 1950s
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Room-Scale problem
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Ejection-Scale problem

K. Liu et al, Scientific Reports 11, 1 (2021).



Well-Mixed Models

ÅVirus-laden particles mix over the entire 
room and can infect the receiver equally 
regardless of their location.
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Ventilation: ‗ ὶ
L. Morawskaet al., J. Aerosol Sci. 40, 256ς269 (2009).
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M. Z. Bazantand J. W. 
Bush, PNAS 118

(2021).



Occupancy vs Cumulative Exposure Time
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ὃ ψσȢφά , ὠ σπρά . Low relative 
transmissibility (ί ςυϷ). Moderate risk 

tolerance (‭ ρπϷ). Cloth masks (ὴ σπϷ).

ὃ ςςȢσά , ὠ υσȢυά . High relative 
transmissibility (ί ρππϷ). Low risk tolerance 

(‭ ρϷ). Surgical masks (ὴ ρπϷ).

ὗ : Rate of quanta emission
ὴ : Mask permeability
ὅ: Rate of quanta emission
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Objectives
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1. To test the robustness of  well-mixed model in predicting 
airborne viral contagion 

2. To recommend modified fluid-mechanics based guidelines 
for occupancy and CET.
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Geometry and Boundary Conditions

10m

10m

3.2m

Particle radii:0.1, 0.5, 1, 2.5, 5, 7.5, 10, 12.5, 15, 20, 25 µm

2 million 
particles 

per 
radius
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Statistical Overloading



Governing Equations
Fluid Phase (Nek5000) Droplet Phase (Ppiclf)
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’ is obtained using dynamic Smagorinsky

◊is the resolved velocity field

◊ᴂis the perturbation velocity obtained 
using the Langevin model
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Langevin Model:
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Room Averaged Statistics

1% error
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Concentration is double 
averaged over all source and 

sink locations

Concentration is normalized by 
the steady state value of 

concentration

t (s)

‗
σφππ

ὃὅὌ
‗ ὠ

σφππ

ὃὅὌ

ὠ

Ὄ

ὶ
ωὃὅὌὌ‘

χςππὫɝ”

Well-mixed theory 
remarkably accurate 
even for ὶ ὶ


